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Abstract 

Background: Data on complications in children with seasonal influenza virus infection are limited. We initiated a 
nation-wide three-year surveillance of children who were admitted to a paediatric intensive care unit (PICU) with 
severe seasonal influenza. 

Methods: From October 2005 to July 2008, active surveillance was performed using an established reporting 
system for rare diseases (ESPED) including all paediatric hospitals in Germany. Cases to be reported were 
hospitalized children < 17 years of age with laboratory-confirmed influenza treated in a PICU or dying in hospital. 

Results: Twenty severe influenza-associated cases were reported from 14 PICUs during three pre-pandemic 
influenza seasons (2005-2008). The median age of the patients (12 males/8 females) was 7.5 years (range 0.1-15 
years). None had received vaccination against influenza. In 14 (70%) patients, the infection had been caused by 
influenza A and in five (25%) by influenza B; in one child (5%) the influenza type was not reported. Patients spent a 
median of 19 (IQR 12-38) days in the hospital and a median of 11 days (IQR 6-18 days) in the PICU; 10 (50%) 
needed mechanical ventilation. Most frequent diagnoses were influenza-associated pneumonia (60%), bronchitis/ 
bronchiolitis (30%), encephalitis/encephalopathy (25%), secondary bacterial pneumonia (25%), and ARDS (25%). 
Eleven (55%) children had chronic underlying medical conditions, including 8 (40%) with chronic pulmonary 
diseases. Two influenza A- associated deaths were reported: i) an 8-year old boy with pneumococcal 
encephalopathy following influenza infection died from cerebral edema, ii) a 14-year-old boy with asthma 
bronchiale, cardiac malformation and Addison's disease died from cardiac and respiratory failure. For nine (45%) 
patients, possibly permanent sequelae were reported (3 neurological, 3 pulmonary, 3 other sequelae). 

Conclusions: Influenza-associated pneumonia and secondary bacterial infections are relevant complications of 
seasonal influenza in Germany. The incidence of severe influenza cases in PICUs was relatively low. This may be 
either due to the weak to moderate seasonal influenza activity during the years 2005 to 2008 or due to under- 
diagnosis of influenza by physicians. Fifty% of the observed severe cases might have been prevented by following 
the recommendations for vaccination of risk groups in Germany. 



Background 

Influenza belongs to the most frequent vaccine-preven- 
table diseases. Clinical manifestations of influenza infec- 
tions range from illness with asymptomatic, atypical (i.e., 
gastro-intestinal) or oligosymptomatic disease to severe 
toxic progression resulting in death [1,2]. Elderly people 
and infants account for the highest morbidity [1,3,4]. 
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Complications of influenza may occur at any age, 
affecting most severely patients with chronic underlying 
diseases, as chronic pulmonary diseases, diseases of the 
circulatory system, metabolic diseases, or immunodefi- 
ciency. The most severe complication is peracute fatality 
in adolescents and young adults caused by acute circula- 
tory failure due to myocarditis or fulminant necrotising 
influenza-associated pneumonia. A frequently reported 
complication is a secondary bacterial pneumonia. Other 
known complications include encephalitis, otitis, and 
neuromuscular diseases [1,3,4]. 
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Surveillance studies from several industrialized coun- 
tries reported an incidence of paediatric hospitalisations 
associated with seasonal influenza of 11-154/100,000 
children < 5 years of age, and an incidence of 1-13/ 
100,000 children treated for influenza in paediatric 
intensive care units (PICUs) [5-7]. For the influenza sea- 
son 2003-2004, 153 influenza-associated deaths among 
children were reported in the United States; 47% of 
those occurred in children without underlying chronic 
disease [8]. 

In Germany, only limited epidemiological data on hospi- 
talisations and complications of seasonal influenza in chil- 
dren is available. In the population-based PRIDE study, 
conducted in 11 paediatric practices and 4 hospitals on 
children < 3 years of age from November 1999 to October 
2001, annual incidence of influenza- associated hospitalisa- 
tions was estimated as 120/100,000 [9]. In another popula- 
tion-based study conducted 1996-2001 in two paediatric 
hospitals, incidence was calculated as 123/100,000 children 
< 6 years of age, and 53/100,000 in children < 17 years of 
age [10]. However, both studies were too small to detect 
rare severe influenza-associated complications and fatal- 
ities resulting in PICU admittance. 

The objective of this study was the nation-wide detec- 
tion of severe influenza virus infections and fatalities in 
children, and to identify possible risk factors for complica- 
tions. These data are important in the current discussion 
of a possible extension of yearly influenza vaccination 
from a risk-based strategy to general vaccination of 
all children. The study was conducted before the occur- 
rence of the new influenza A (H1N1) 2009 pandemic in 
Germany. 

Methods 

Study population 

The study population included all children and adoles- 
cents < 17 years of age in Germany, with on average 
13,166,000 children and adolescents during the years 

2005- 2008, including on average 3,497,000 children < 5 
years of age (German Federal Statistical Office, Germany, 

2006- 2009). 

Reporting system 

Prospective, active surveillance to capture severe influ- 
enza-associated complications and fatalities was performed 
from October 2005 to May 2008, covering three influenza 
seasons. Patients fulfilling the study case definition were 
included through the Surveillance Unit for Rare Paediatric 
Diseases in Germany (ESPED), a nation-wide voluntary 
reporting system covering 448 paediatric hospitals and 
departments. These hospitals contain approximately 
21,500 beds, including about 2,650 paediatric intensive 
care beds (National Hospital Statistics, 2008). ESPED 
actively collected monthly reports on the occurrence of 



severe influenza-associated cases requiring intensive care 
treatment from all hospitals. Monthly reporting was 
requested even if no cases were identified. For identified 
cases, the hospitals were asked to return anonymous, 
structured questionnaires on basic demographic character- 
istics, underlying chronic medical conditions, influenza 
vaccination status, and influenza diagnostics, symptoms, 
treatment, pre-defined complications, and sequelae. The 
reporting physician filled in the questionnaire according to 
the information from the medical chart. If feasible, hospi- 
tals provided additionally anonymous medical discharge 
letters or autopsy results. 

Case definition 

All children and adolescents < 17 years of age fulfilling the 
following criteria for severe paediatric influenza-associated 
infections were included: i) laboratory-confirmed influenza 
(antigen test or PCR or virus isolate) within one week 
before or after start of influenza symptoms, and ii) hospi- 
talisation to a PICU with need for intratracheal/CPAP 
ventilation and/or one of the following diagnoses: ence- 
phalitis/encephalopathy, bronchitis/bronchiolitis, compli- 
cated febrile seizure, acute respiratory distress syndrome 
(ARDS), influenza-associated pneumonia, secondary bac- 
terial pneumonia, status asthmaticus, sepsis, myocarditis, 
apnoea/bradycardia, or Hi) influenza-associated death. 

Data analysis 

All data were entered into a Microsoft Access 2000 data- 
base and, after plausibility checks, transferred into SPSS 
15.0 for statistical analysis. Data were analysed descrip- 
tively (percentages or median with inter-quartile range, 
IQR; reported percentages refer to the number of available 
data per variable). Comparisons among groups were 
assessed for significance (p < 0.05, two-sided) using Pear- 
son's Chi 2 -test or, where appropriate, Fisher's Exact test 
for categorical data. Continuous data were assessed using 
the Mann-Whitney U-test. Due to the small number of 
cases per subgroup, the evidence of the statistical compari- 
sons was limited. 

Ethical considerations 

The study was reviewed and approved by the Bavarian 
Data Protection Office, Munich, Germany. The institution 
agreed that patient informed consent was not needed for 
this surveillance study. 

Results 

Participating study sites and recruitment 

Twenty (5%) hospitals reported 29 patients. The report- 
ing hospitals were situated in 9 (56%) of the 16 federal 
states of Germany. Of the 29 reports, 9 (31%) had to be 
excluded from the analysis: for 3 patients, the hospitals 
did not provide information on the inclusion criteria, 
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3 patients had no laboratory- confirmed influenza diagno- 
sis, 1 patient was older than 16 years of age, and 2 
patients had been reported twice. 

Patient characteristics and duration of hospitalisation 

A total of 20 valid patients reported from 14 (4%) hospitals 
were identified, 9 (45%) in the season 2005/2006, 6 (30%) 
in 2006/2007, and 5 (25%) in 2007/2008. Seasonal distri- 
bution peaked in March 2006, and in February 2007 and 
2008. Twelve (60%) of the 20 children were male. The 
median age was 7.5 years (IQR 0.5-12.75, range < 1 month 
to 15 years of age); 9 (45%) children were < 5 years of age, 
including 5 (25%) children < 1 year of age. 

Duration of hospital stay varied from < 1 to 96 days 
(median 19, IQR 12-38), duration of PICU stay was 
between < 1 and 50 days (median 11, IQR 6-18). In 70% of 
patients, PICU admission occurred at the day of hospital 
admission or within one day afterwards (range 0-10 days). 
In one child, the influenza infection was assumed to be 
nosocomial, with start of influenza symptoms and transfer 
to the PICU 9 days after initial hospitalisation due to com- 
plicated pneumonia caused by Mycoplasma pneumoniae.. 

Virological and microbiological diagnostics 

There were 14 (70%) cases of seasonal influenza A and 5 
(25%) cases of influenza B; in one (5%) patient influenza 
infection was confirmed but the influenza type was not 
available. Influenza subtypes were determined for 3 sam- 
ples, with seasonal influenza A (H1N1) in two patients 
and influenza A (H3N2) in one child. Influenza virus 
infection was determined by antigen testing in 8 (40%), 
PCR in 4 (20%), both antigen testing and PCR in 7 (35%) 
patients, and PCR combined with virus isolation in one 
(5%) patient. Most frequently, tracheal (30%) or pharyn- 
geal (20%) secretions, nasopharyngeal swabs (15%) or a 
combination of these materials (20%) were used for diag- 
nosis. In 2 (10%) children influenza infection was con- 
firmed by serum diagnostics and in one (5%) patient from 
lung biopsy material after fatal outcome. 

CRP values were available from 18 children (median 
8.4 mg/dl, IQR 3.9-23.1). Laboratory-confirmed co-infec- 
tions were reported in a total of 13 (65%) children (4 viral, 
7 bacterial, 2 fungal; Table 1). Diagnostic analysis for 
simultaneous respiratory syncytial virus (RSV) infection 
was performed in 10 (50%) children; in 4 with positive 
results. All 4 children diagnosed with both influenza and 
RSV suffered from pneumonia and/ or bronchitis/bronch- 
iolitis and needed PICU treatment for a median of 9 days 
(IQR 4-13); three were < 1 year of age. Microbiological 
diagnostics were performed from blood cultures of 
17 (85%) patients (3 positive with Staphylococcus sp.), 
from cerebrospinal fluid in 3 (15%) children (one positive 
post-mortem with Streptococcus pneumoniae), and 
from pleural fluid in 2 (10%) children (1 positive with 



Staphylococcus aureus; Table 1). Other positive results 
were mainly reported from tracheal aspirates in patients 
receiving intratracheal ventilation (Table 1). Of seven 
patients with bacterial co-infections, three were infected 
with two different bacterial species. Patients with co-infec- 
tion by bacteria or fungi were treated at the PICU for a 
median of 18 days (IQR 12-30), and, thus, twice as long 
compared to patients without such co-infections (median 
9 days, IQR 5-11; p = 0.01). 

Clinical symptoms, radiological diagnoses and treatment 

A total of 158 clinical signs and symptoms at PICU admit- 
tance were reported from 18 patients (71 (45%) respira- 
tory, 38 (24%) gastro-intestinal, 49 (31%) neurological; 
Table 2). The most frequently reported symptoms were 
tachypnoea (16), feeding difficulties (15), and fever (15). 

A chest radiograph was performed in 17 (85%) and was 
abnormal in 16 (80%) patients. Reported radiological diag- 
noses were pneumonia (8), ARDS (2), pneumothorax (2), 
pleural effusion (2), mediastinal emphysema (1), pericar- 
dial effusion (1), and severe pulmonary haemorrhage (1). 

Oseltamivir was administered to 10 (50%) children for a 
median duration of 5 days (IQR 4.5-5.25); treatment 
started in 5 children at the day of PICU admittance, in 
one child one day and in 4 children 5-12 days after PICU 
admittance. The delay between start of symptoms and 
oseltamivir treatment was between 1 and 15 days. A total 
of 18 (90%) children were treated intravenously with anti- 
biotics, for a median of 13 days (IQR 7-15). Catechola- 
mines were administered in 8 (40%) children for a median 
of 4 days (IQR 2-14). Inhalation with bronchodilators was 
required by 12 (60%) children. A total of 10 (50%) children 
needed mechanical ventilation: 4 (20%) received solely 
intratracheal ventilation and 2 (10%) CPAP; 4 (20%) chil- 
dren received both types of ventilation. 

Influenza-associated severe complications and outcome 

Thirty-nine severe influenza-associated complications 
and two fatalities were reported among the 20 children 
(Table 3). The most frequently reported complication 
was influenza-associated pneumonia in 12 (60%) patients, 
followed by bronchitis/bronchiolitis in 6 patients (30%). 
Secondary bacterial pneumonia was observed in 5 (25%) 
patients; in 4 cases in combination with influenza-asso- 
ciated pneumonia. ARDS was reported in 5 (25%) 
patients, all suffering from influenza-associated pneumo- 
nia, and in three patients together with sepsis. All 5 
patients with ARDS had predisposing underlying chronic 
conditions. Encephalitis/encephalopathy occurred in a 
total of 5 (25%) patients (including one fatal case), in 
three cases in combination with bronchitis/bronchiolitis. 

Of the two (10%) reported fatalities, one was an 8-year- 
old boy admitted to the PICU with suspected encephalitis 
and status epilepticus in 2007. Previously he was 
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Table 1 Co-infections (viral, bacterial, fungal; culture-confirmed) in children with severe seasonal influenza - Germany, 
2005-2008 * 



Co-infection 


Infectious agent 


Diagnostics/material 


No. of children (%) 


Viral 


Respiratory Syncytial Virus (RSV) 


RSV-test (antigen, PCR, or immunofluorescence) 


4(20) 


Bacterial - gram positive 


Staphylococcus aureus 


Pleural fluid (1), tracheal aspirate (2) 


3 (15) 




Staphylococcus epidermis 


Blood culture 


2 (10) 




Staphylococcus hominis 


Blood culture 


1 (5) 




Streptococcus pneumoniae 


Liquor and brain tissue (post-mortem) 


1 (5) 




Enterococcus sp. 


Central venous catheter/blood culture 


1 (5) 


Bacterial - gram negative 


Hafnia alvei 


Tracheal aspirate 


1 (5) 


Bacterial - mycoplasma-like 


Mycoplasma pneumoniae. 


Serology 


1 (5) 


Fungal 


Candida albicans 


Tube tip 


1 (5) 




Aspergillus sp. 


Tracheal aspirate 


1 (5) 



* Data on co-infections reported in 13 (65%) of 20 children; percentages refer to the number of all 20 patients. Multiple nominations were possible, sp: species; 
not further specified. 



diagnosed with a delay in speech development and sus- 
pected rolandic epilepsy. He received antibiotics, catecho- 
lamines, acyclovir and intratracheal ventilation. He was 
diagnosed with influenza A one day after PICU admission 
and was started on oseltamivir treatment. He died 4 days 
after admission from massive cerebral edema. The autopsy 
report stated death due to cardiac and circulatory failure. 
Streptococcus pneumoniae was diagnosed from PCR analy- 
sis of cerebrospinal fluid and brain tissue, indicating ence- 
phalopathy following influenza infection complicated by 
bacterial superinfection of the CNS. In 2008, a second 
fatality was reported from a 13-year-old boy with several 
chronic underlying diseases (asthma bronchiale, cardiac 
malformation, Addison's disease). He was found uncon- 
scious by his parents after febrile infection during the pre- 
vious week. After resuscitation he was transported to the 
hospital where he died in the emergency room from car- 
diac and respiratory failure. The autopsy report diagnosed 

Table 2 Clinical signs and symptoms of severe seasonal 
influenza in children at PICU admittance - Germany, 
2005-2008* 



Clinical signs and symptoms No. of children (%) 



Tachypnoea 


1 6 (89) 


Cough 


14 (78) 


Rhinitis 


14 (78) 


Conjunctivitis 


14 (78) 


Apnoea 


13 (72) 


Refusal of food or drink 


1 5 (83) 


Diarrhea 


12 (67) 


Vomiting 


11 (61) 


Fever > 38°C 


1 5 (83) 


Clouding of consciousness 


14 (78) 


Headache 


1 0 (56) 


Pain in the limbs 


1 0 (56) 



* Data on symptoms were available from 18 children; percentages refer to the 
number of the available patients. Multiple nominations were possible. 



cerebral edema and PCR-confirmed seasonal influenza A 
(H1N1) from lung biopsy tissue. 

Permanent or possibly permanent sequelae were 
described in 2 (10%) and 7 (35%) patients, respectively. 
Permanent sequelae were worsening of an underlying 
chronic lung disease (BPD) in a patient after influenza A- 
associated pneumonia, and post-encephalitic/organic brain 
syndrome in a patient with influenza A-associated ence- 
phalopathy. Possible permanent sequelae occurred in 
5 patients after influenza A and in 2 patients after influ- 
enza B. Reported possible sequelae were pulmonary callo- 
sity following secondary bacterial pneumonia complicated 
by pleural effusion (2 patients), neurological sequelae 
(ataxia; severe illness polyneuropathy) following encepha- 
lopathy (2 patients), regression in locomotion develop- 
ment following PICU treatment for almost 2 months (1 
patient), and postural damage after pleural decortication 
(1 patient); in one patient the sequelae were not specified. 

Underlying chronic conditions and risk factors 

Underlying chronic medical conditions were reported in 
11 (55%) children, whereby 7 of these had more than 

Table 3 Severe influenza-associated complications and 
fatalities in children treated in PICUs - Germany, 2005- 
2008* 



Severe complications/death No. of children (%) 



Influenza-associated pneumonia 


1 2 (60) 


Bronchitis / bronchiolitis 


6 (30) 


Secondary bacterial pneumonia 


5 (25) 


Encephalitis / encephalopathy 


5 (25) 


ARDS 


5 (25) 


Sepsis 


3 (15) 


Status asthmaticus 


2 (10) 


Apnoea / bradycardia 


1 (5) 


Death 


2 (10) 



* Data on diagnoses were available from 20 children; percentages refer to the 
number of the available patients. Multiple nominations were possible. 
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one such condition. Chronic pulmonary diseases were 
most frequent and were reported for 8 (40%) children; 
three had asthma bronchiale but no other pulmonary 
disease, three had possible broncho-pulmonary dysplasia 
(BPD) and two had other pulmonary diseases. Further 
underlying medical conditions were: cardiac malforma- 
tions in 4 (20%), immunocompromised condition in 
4 (20%), preterm birth in 2 (10%), and other chronic 
conditions in 4 (20%) children (Addison's disease; Cor- 
nelia-De-Lange Syndrome; hereditary motor and sensory 
neuropathy (HMSN) and scoliosis; unclear retardation). 
Patients with underlying chronic conditions stayed sig- 
nificantly longer in the hospital (median 31 days, IQR 
18-55) than patients without underlying conditions 
(median 13 days, IQR 7-19; p = 0.01). They also tended 
to stay longer at the PICU (p = 0.06), and a higher pro- 
portion of these children needed mechanical ventilation 
(73% vs. 22%, p = 0.07). 

Information about the influenza vaccination status was 
available from 17 (85%) patients; none had been vacci- 
nated against influenza. Out of the 11 children from risk 
groups with chronic underlying disease the vaccination 
status was not available in 2 (18%) patients, and 1 (9%) 
child was < 6 months of age and therefore too young to be 
immunized. 

Discussion 

We describe the results from a nation-wide surveillance 
study on severe paediatric seasonal influenza cases in 
Germany during three pre-pandemic influenza seasons 
between 2005 and 2008. A total of 20 laboratory-con- 
firmed influenza-associated PICU cases (14 influenza type 
A, 5 type B, 1 type unknown), including two fatalities, 
were reported. This number was surprisingly low and cor- 
responded to an estimated annual incidence for PICU- 
admitted children with seasonal influenza of 0.1/100,000 
children < 5 years of age. In contrast, for the same age 
group incidences of PICU admissions associated with sea- 
sonal influenza were 4/100,000 in USA and 1-13/100,000 
in South Australia [5,7]. Apart from country-specific dif- 
ferences in access to health care as well as in criteria for 
ICU hospitalisation, the lower incidence found in our 
study may also be due to the weak to moderate influenza 
activity during the observation period in Germany [11]. 
Another important explanation is possible under-diagnosis 
of influenza in the hospitals, as not all physicians perform 
influenza testing of children admitted with severe acute 
respiratory infection. Low participation in the voluntary 
reporting system due to frequent changes of the medical 
staff in the PICUs is a further possible reason. Hence, the 
low reported incidence for PICU-admitted influenza cases 
in this study may underestimate the true incidence of 
severe paediatric influenza cases in Germany. With regard 
to fatal paediatric cases it should be noted that our study 



was not designed to capture influenza-associated fatalities 
that occurred outside PICUs, e.g. at home or during emer- 
gency treatment. For comparison, the national mortality 
register reported a total of 25 influenza-associated (ICD- 
10 code J10) deaths in children < 15 years of age during 
the years 2006 to 2008. 

Our study showed that in Germany children < 1 year of 
age and children with chronic underlying diseases are the 
main paediatric risk groups for severe seasonal influenza 
infections. Influenza-associated pneumonia, secondary 
bacterial infections, ARDS and encephalitis/encephalopa- 
thy were frequent complications. The observed clinical 
characteristics were similar to the results from the U.S. 
and other countries [2,4,8,12-17]. However, children in 
our study were older (median 7.5 years) than in an ICU 
study in the U.S. (median 1.5 years) [12]. Fatalities also 
were reported only in two older children (8 and 14 years 
of age), whereas the majority of reported paediatric fatal- 
ities in the U.S. and Australia are below 5 years of age 
[14,17]. In our study, ARDS occurred in 25% of the PICU 
children, in contrast to a retrospective chart review in an 
U.S. children's hospital with 27 PICU children diagnosed 
with seasonal influenza 2008/2009 [18], which reported 
only 4% of ARDS. 

In the current study, 10 (50%) patients were treated with 
oseltamivir, whereby in 5 (25%) patients treatment was 
started several days after the appearance of influenza 
symptoms or ICU admission. Antiviral treatment is most 
beneficial when started within 2 days after onset of symp- 
toms. Nevertheless, oseltamivir treatment initiated later 
than 2 days after the first influenza symptoms is still con- 
sidered useful in children with influenza pneumonia or to 
reduce viral shedding in the hospital [19]; it also seems to 
reduce the risk of secondary bacterial super-infections, 
although the mechanisms are not fully understood [13]. In 
our study, co-infection with more than one bacterial spe- 
cies was found only in patients that did not receive oselta- 
mivir treatment. 

In total, 35% of the patients suffered from bacterial 
co-infection, including one fatality associated with 
Streptococcus pneumoniae. Patients with bacterial or 
fungal co-infections stayed twice as long (median 18 
days) at the PICU than other influenza patients, thus 
indicating the high influence of those co-infections on 
the morbidity. Staphylococcus aureus was the most 
frequently observed bacterial species. The data from 
Germany indicate a similar situation as observed on 
severe paediatric influenza cases (fatalities) in the USA, 
which showed bacterial co-infections in 34% of 
patients in 2007, most frequently with Staphylococcus 
aureus [13]. 

In Germany, influenza vaccination in children is cur- 
rently recommended for risk groups, defined by chronic 
underlying diseases. In 2005, a regional survey in children 
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< 24 months of age showed that 5% of all children had 
been vaccinated against influenza [20] . Among the severe 
cases reported in our study no child had been vaccinated. 
Eleven (55%) belonged to risk groups with chronic 
underlying disease, including eight (40%) of at least two 
years of age for whom influenza vaccines are considered 
to be efficacious [21]. One risk group child was below 6 
months of age and, hence, too young to be immunized. 
Two other risk group children were under two years of 
age; for this age group, the efficacy of the inactivated 
influenza vaccines licensed in Germany is unclear, and 
data on safety are insufficient thus far [21]. Forty- five% of 
the patients with severe influenza were previously healthy 
children, who would not be covered by a risk-based vac- 
cination strategy. A recommendation to vaccinate healthy 
children routinely against seasonal influenza is not wide- 
spread in Europe, but has been argued to have potential 
community benefits [22]. 

Renewed interest in paediatric influenza arose with the 
occurrence of the new pandemic influenza A (H1N1) 2009 
in Germany from April 2009 onwards [23]. An ongoing 
ESPED study on children with severe pandemic influenza 
A (H1N1) 2009 reported 93 cases below 15 years of age 
from 55 PICUs during a single season (August 2009 to 
April 2010), including 15 fatalities (11 within PICUs) [24]. 
This high number of cases reported in the ongoing ESPED 
study may be partly due to an increased awareness in phy- 
sicians regarding the new subtype of influenza with 
unclear severity at the start of the pandemic, resulting in 
more frequent laboratory testing and diagnosis of influ- 
enza [5,24]. Additionally, the higher number of PICU 
admissions may be due to a truly higher severity of the 
pandemic influenza A (H1N1) 2009 subtype in children 
compared to previous seasonal influenza subtypes [e.g., 
[18,25]], although not all studies report such a difference 
in severity [26,27], or found a difference only regarding 
risk groups [28]. Thus, a comparison of both ESPED stu- 
dies on the absolute number of severe influenza cases [24] 
has to be regarded with caution, and may underestimate 
the importance of severe seasonal influenza caused by 
non-pandemic influenza virus subtypes in children in Ger- 
many. Further prospective, laboratory-confirmed surveil- 
lance in PICUs is needed to clarify the complication rates 
associated with influenza virus A and B and their different 
subtypes and lineages. 

Conclusions 

Almost half of the children with severe complications 
associated with seasonal influenza were previously 
healthy children, for whom there is currently no recom- 
mendation to vaccinate against influenza. Fifty% were 
children with chronic diseases for whom vaccination 
had been recommended but had not been followed. In 
these children the severe course of disease might have 



been prevented by vaccination. Oseltamivir treatment 
was often started several days after start of influenza 
symptoms or PICU admission, indicating that influenza 
is often diagnosed too late for effective antiviral patient 
treatment. The general incidence of influenza-associated 
severe disease in German PICUs was very low, but 
under-diagnosis and under-reporting during these pre- 
pandemic influenza seasons may be likely. Therefore 
prospective studies providing influenza subtype screen- 
ing on PICU admissions of children with respiratory dis- 
ease are needed to assess more accurately the burden of 
severe influenza-associated complications. These studies 
are necessary to provide data and evidence for the dis- 
cussion on influenza prevention by general routine vac- 
cination in children. 

List of abbreviations used 

ARDS: acute respiratory distress syndrome; BPD: broncho-pulmonary 
dysplasia; CNS: central nervous system; CPAP: continuous positive airway 
pressure; CRP: C-reactive protein; ESPED: "Erhebungseinheit Seltener 
Padiatrischer Erkrankungen in Deutschland" [Surveillance Unit of Rare 
Paediatric Diseases in Germany]; HMSN: hereditary motor and sensory 
neuropathy; ICD-10: International Classification of Diseases, 10 th revision; ICU 
(s): intensive care unit(s); IQR: inter-quartile range; PCR: polymerase chain 
reaction; PICU(s): paediatric intensive care unit(s); PRIDE: "Padiatrische 
Respiratorische Infektionen in Deutschland" [Paediatric; Respiratory Infections 
in Germany]; RSV: respiratory syncytial virus; sp.: species; SPSS: Statistical 
Package for the Social Sciences; U.S.: United States; vs.: versus 

Acknowledgements and funding 

We thank all physicians from the participating paediatric hospitals for 
returning the patient questionnaires. Karin Seeger provided helpfu 
comments on the manuscript. We thank ESPED for free-of-charge use of the 
reporting system, and Beate Heinrich for administration of the ESPED reports 
and other valuable support in study organisation. Dr. Beate Schweiger from 
the National Reference Centre for Influenza at the Robert-Koch-Institute 
(Berlin) performed the analysis of influenza subtypes for several samples. The 
'Gesellschaft fur Neonatologie und Padiatrische Intensivmedizin' (Society for 
Neonatology and Paediatric Intensive Care) allowed us to use the society 
website for announcement of our study. 

The study has been supported by an unrestricted grant from Novartis 
Vaccines and Diagnostics GmbH & Co. KG (Marburg, Germany). Apart from 
funding, the company was not involved in any part of the study. 
The publication of this study was funded by the German Research 
Foundation (DFG) and the University of Wurzburg in the funding 
programme Open Access Publishing. 

Author details 

'Department of Paediatric Infectious Diseases and Immunology, University 
Children's Hospital, Julius-Maximilians-University, Wurzburg, Germany, 
department of Immunology and Infectiology, Dr. von Haunersches 
Kinderspital, University Children's Hospital, Ludwig-Maximilians-University, 
Munich, Germany. 

Authors' contributions 

AS participated in data collection, performed the analysis, interpreted the 
data, and drafted the manuscript. VG designed the study, participated in 
data collection, and revised the manuscript. JGL supervised the study, 
supported data interpretation, and revised the manuscript. All authors read 
and approved the final manuscript. 

Competing interests 

All authors have received grants for studies, lecturing fees or travelling 
grants from the study sponsor Novartis Vaccines and Diagnostics GmbH & 
Co. KG, or from other vaccine manufactures (GlaxoSmithKline (AS, VG, JGL), 



Streng et al. BMC Infectious Diseases 201 1, 1 1:233 Page 7 of 7 

http://www.biomedcentral.eom/1 471-2334/1 1 /233 



Sanofi Pasteur MSD (AS, JGL), AstraZeneca (JGL), Pfizer (JGL), and CSL 
Behring (JGL)) during the previous years. 

Received: 20 April 2011 Accepted: 31 August 2011 
Published: 31 August 2011 

References 

1 . Heikkinen T: Influenza in children. Acta Paediatr 2006, 95:778-84. 

2. Dilantika C, Sedyaningsih ER, Kasper MR, Agtini M, Listiyaningsih E, 
Uyeki TM, Burgess TH, Blair PJ, Putnam SD: Influenza virus infection 
among pediatric patients reporting diarrhea and influenza-like illness. 

BMC Infectious Diseases 2010, 10:3 [http://www.biomedcentral.com/1471- 
2334/10/3]. 

3. Rothberg MB, Haessler SD, Brown RB: Complications of viral influenza. Am 
J Med 2008, 121:258-64. 

4. Quach C, Piche-Walker L, Piatt R, Moore D: Risk factors associated with 
severe influenza infections in childhood: implication for vaccine 
strategy. Pediatrics 2003, 112:197-201. 

5. Poehling KA, Edwards KM, Weinberg GA, Szilagyi P, Staat MA, Iwane MK, 
Bridges CB, Grijalva CG, Zhu Y, Bernstein Dl, Herrera G, Erdman D, Hall CB, 
Seither R, Griffin MR: The underrecognized burden of influenza in young 
children. N Engl J Med 2006, 355:31-40. 

6. Rojo JC, Ruiz-Contreras J, Fernandez MB, Marin MA, Folgueira L: Influenza- 
related hospitalizations in children younger than three years of age. 
Pediatr Infect Dis J 2006, 25:596-601 . 

7. D'Onise K, Raupach JC: The burden of influenza in healthy children in 
South Australia. Med J Aust 2008, 1 88:5 1 0-3. 

8. Bhat N, Wright JG, Broder KR, Murray EL, Greenberg ME, Glover MJ, 

Likos AM, Posey DL, Klimov A, Lindstrom SE, Balish A, Medina MJ, Wallis TR, 
Guarner J, Paddock CD, Shieh WJ, Zaki SR, Sejvar JJ, Shay DK, Harper SA, 
Cox NJ, Fukuda K, Uyeki TM, Influenza Special Investigation Team: 
Influenza-associated deaths among children in the United States. N Engl 
J Med 2005, 353(24)2559-67. 

9. Forster J: Influenza in children: the German perspective. Pediatr Infect Dis 
J 2003, 22:S215-7. 

10. Weigl JA, Puppe W, Schmitt HJ: The incidence of influenza-associated 
hospitalizations in children in Germany. Epidemiol Infect 2002, 129:525-33. 

11. Robert-Koch-lnstitut: Ruckblicke auf die Influenzasaison 2007/08. 
Epidemiolog Bulletin 2008, 43:372-5. 

1 2. Louie JK, Schechter R, Honarmand S, Guevara H, Shoemaker TR, 
Madrigal NY, Woodfill Gil, Backer HD, Glaser CA: Severe paediatric 
influenza in California, 2003-2005: implications for immunization 
recommendations. Pediatrics 2006, 1 17:e61 0-8. 

1 3. Finelli L, Fiore A, Dhara R, Brammer L, Shay DK, Kamimoto L, Fry A, 
Hageman J, Gorwitz R, Breese J, Uyeki T: Influenza-associated pediatric 
mortality in the United States: increase of Staphylococcus aureus 
coinfection. Pediatrics 2008, 122:805-11. 

14. Committee of Infectious Diseases: Prevention of influenza: 
recommendations for influenza immunization of children, 2007 2008. 
Pediatrics 2008, 1 21 :e 1 01 6-el 031 . 

15. Stollenwerk N, Harper RW, Sandrock CE: Bench-to-bedside review: rare 
and common viral infections in the intensive care unit - linking 
pathophysiology to clinical presentation. Critical Care 2008, 12:219. 

16. Zurynski YA, Lester-Smith D, Festa MS, Kesson AM, Booy R, Elliott EJ: 
Enhanced surveillance for serious complications of influenza in children: 
role of the Australian Paediatric Surveillance Unit. Commun Dis Intell 
2008, 32(0:72-6. 

17. Milne BG, Williams S, May MLA, Kesson AM, Gillis J, Burgess MA: Influenza A 
associated morbidity and mortality in a paediatric intensive care unit. 
CDI 2004, 28(4)504-508. 

18. Bagdure D, Curtis DJ, Dobyns E, Glode MP, Dominguez SR: Hospitalized 
children with 2009 pandemic influenza A (H1N1): comparison to 
seasonal influenza and risk factors for admission to the ICU. PLoS One 
2010, 5(12):el5173. 

19. CDC: Prevention and control of influenza. Recommendations of the 
Advisory Committee on Immunization Practices (ACIP), 2008. MMWR 
2008, 57(RR07):1-60. 

20. Robert-Koch-lnstitut: Zu Impfungen bei Kindern im Alter bis zu 24 
Monaten. Eine Erhebung in Schleswig-Holstein nach Abrechnungsziffern 
der Kassenarztlichen Vereinigung fur 2003 bis 2005. Epidemiolog Bulletin 
2007, 34:316-21. 



21. Jefferson T, Rivetti A, Harnden A, Di Pietrantonj C, Demicheli V: Vaccines for 
preventing influenza in healthy children. Cochrane Database Syst Rev 
2008, , 2: CD004879. 

22. Monto AS: Seasonal influenza and vaccination coverage. Vaccine 2010, 
28SD33-D44. 

23. Poggensee G, Gilsdorf A, Buda S, Eckmanns T, Claus H, Altmann D, RKI 
Working Group Pandemic Influenza, Krause G, Haas W: The first wave of 
pandemic influenza (H1N1) 2009 in Germany: from initiation to 
acceleration. BMC Infectious Diseases 2010, 10:155 [httpyTwww. 
biomedcentral.com/1 471 -2334/1 0/1 55]. 

24. Altmann M, Fiebig L, Soyka J, von Kries R, Dehnert M, Haas W: Severe cases 
of pandemic (H1N1) 2009 in children, Germany. Emerg Infect Dis [serial on 
the Internet] 201 1 [http://www.cdc.goV/EID/content/17/2/186.htm], [cited 14 
April 2011]. 

25. Lemaitre M, Carrat F: Comparative age distribution of influenza morbidity 
and mortality during seasonal influenza epidemics and the 2009 H1N1 
pandemic. BMC Infectious Diseases 2010, 10:162 [http7/www.biomedcentral. 
com/1471-2334/10/162]. 

26. Ostovar GA, Rubin LG, Rajan SR, Sood SK, Kohn N: Comparison of the 
clinical features of children hospitalized with pandemic 2009 A:H1N1 
and seasonal influenza. Clinical Pediatrics 201 1, 50(9)348-354. 

27. Belongia EA, Irving SA, Waring SC, Coleman LA, Meece JK, Vandermause M, 
Lindstrom S, Kempf D, Shay DK: Clinical characteristics and 30-day 
outcomes for influenza A 2009 (H1N1), 2008-2009 (HINT), and 2007- 
2008 (H3N2) infections. JAMA 2011, 304(1 0):1 091 -1 098. 

28. Aguirre E, Papenburg J, Ouakki M, Fontela PS, Guimont C, De Serres G, 
Boivin G: Comparison of pandemic and seasonal influenza in the 
pediatric emergency department. Pediatr Infect Dis J 201 1 . 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2334/1 1/233/prepub 



doi:1 0.1 1 86/1 471-2334-1 1-233 

Cite this article as: Streng et al: Severe influenza cases in paediatric 
intensive care units in Germany during the pre-pandemic seasons 2005 
to 2008. BMC Infectious Diseases 201 1 1 1:233. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



BioMed Central 



